Previous research has indicated that the amygdala is a critical neural substrate of the emotional modulation of attention. However, a recent case study suggests that the amygdala may not be essential for all types of emotion-attention interactions. In order to test this hypothesis, we assessed the visual-search performance of patients with unilateral amygdala lesions, matched controls, and medication-matched epilepsy patients with intact amygdalae. All participants completed a visual-search task consisting of trials in which (1) an emotional target was embedded among neutral distractors, (2) a neutral target was embedded among emotional distractors, or (3) a neutral target was embedded among neutral distractors. All participant groups, including those with amygdala lesions, detected emotional targets more efficiently than neutral targets. These data indicate that the amygdala is not necessary for emotion-guided visual search and suggest that other mechanisms beyond the amygdala help guide attention toward threatening stimuli.
Introduction
A wealth of data supports the principal link between the amygdala and the processing of emotionally significant stimuli (Bishop, 2008; Zald, 2003) . Although the literature on the role of the human amygdala in emotional processing has grown considerably in the last decade, most of the research involves functional neuroimaging, which is by nature correlative. While such studies are invaluable in many respects, additional methods are needed to determine if the amygdala is merely activated during emotional perception, or if this structure is necessary for the emotional modulation of attention to occur.
An empirical task that is often thought to reflect the amygdala's processing of emotional stimuli involves the enhanced detection of threat stimuli during visual search. As the ability to locate threats quickly is fundamentally useful, the idea that mammals possess an evolved neural system to detect such threats is both intuitive and appealing. Indeed, there is evidence that when searching visual arrays, humans detect some fear-related content faster than competing neutral stimuli (Öhman, Flykt, & Esteves, 2001) . A proposed neuroanatomical model for the effect exists: a presumed sub-(and pre-) cortical system, which sacrifices accuracy to gain speed, relays * Corresponding author at: Trinity College, Institute of Neuroscience, Trinity College Dublin, Ireland.
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basic visual information directly from the pulvinar to the amygdala (thus bypassing the slower cortical processing of the occipital and ventral temporal visual processing stream), leading to amygdala activation (Morris, Öhman, & Dolan, 1999) . The activated amygdala then signals to the system controlling spatial attention that something particularly important -a threat -needs to be located, and 'attended' to, in both meanings of the phrase (Öhman, Carlsson, Lundqvist, & Ingvar, 2007) . Recently, Tsuchiya and colleagues (2009) tested the ability to detect fearful faces in a patient with bilateral amygdala lesions caused by Urbach-Wiethe disease. They showed that despite impaired explicit recognition of fear, the search for fearful faces was enhanced in the patient in a manner similar to that seen in control participants. They conclude that the amygdala is not necessary for rapid detection of fearful faces. Although this finding is intriguing, the study has two major limitations. First, the study used emotional faces, whereas the primary literature on emotional enhancement of visual search uses evolutionarily significant stimuli with threatening characteristics such as snakes and spiders. Additionally, the study represents a single case study, with a participant who has Urbach-Wiethe disease, a hereditary neurodegenerative disorder that can cause functional impairments that extend beyond those typically ascribed to amygdalar function (Thornton et al., 2008) . Given the uncertainty regarding the full extent of brain damage as well as the rarity of this patient population, the generalizability of this study's conclusions remain unclear.
